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FIG. 6
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SHAPE INSPECTION METHOD, SHAPE
INSPECTION APPARATUS, AND PROGRAM

TECHNICAL FIELD

The present mnvention relates to a shape inspection
method, a shape mspection apparatus, and a program.

BACKGROUND ART

Thus {far, there has been known a method 1n which linear
light being applied to a surface of an object to be measured
1s imaged and the surface shape of the object to be measured
1s measured on the basis of what 1s called a light-section
method; for example, Patent Literature 1 below proposes a
method in which linear laser light applied along the width
direction of an object to be measured such as a slab, which
1s a steel semi-fimished product 1n the course of conveyance,
1s successively imaged by an area camera, a luminance
image and an unevenness 1mage are generated from the
obtained captured image, and then the surface of the object
to be measured 1s 1mspected on the basis of the luminance
image and the unevenness 1mage. In this method, the prin-
ciple of the light-section method 1s applied to the plurality of
successively captured images (light-section 1mages) to gen-
crate an unevenness 1mage, and a defect having an uneven-
ness change of the surface, such as a vertical crack having
an opening, 1s detected on the basis of the unevenness 1image.
Further, in this method, a luminance image 1s generated from
information on the brightness (that 1s, luminance) of the
light-section line, and 1s used to detect a defect having a
reflectance change that does not have an opening, such as a
transverse crack.

CITATION LIST

Patent Literature

Patent Literature 1: JP 5488953
Patent Literature 2: JP 32433858

SUMMARY OF INVENTION

Technical Problem

Here, 1n the case of using a technology like that disclosed
in Patent Literature 1 above, 1t 1s important to obtain a
light-section 1mage serving as a basis of the luminance
image and the unevenness 1mage appropriately, and there-
fore 1t 1s important to set the thickness and the brightness of
linear laser light to be applied to the object to be measured
to an appropriate state beforechand. On the other hand, to
generate a light-section 1mage using the light-section
method, 1t 1s necessary to relatively move the object to be
measured and the optical system for imaging the object to be
measured. Hence, when adjusting the thickness and the
brightness of the light-section line based on linear laser ligh
on the object surface beforchand, the thickness and the
brightness of the light-section line have been adjusted by
trial and error while relative movement and the generation of
light-section 1mages like those mentioned above are
repeated. However, such operation imposes a very high
burden and requires some operating time in a production line
or the like 1n the steel industry, for example; thus, this has
not been practical.

Furthermore, objective indicators that can define the
thickness and the brightness of the light-section line simul-

10

15

20

25

30

35

40

45

50

55

60

65

2

taneously do not exist; hence, when adjusting the thickness
and the brightness of the light-section line, the adjustment

operation of the optical system has been performed 1in
dependence only on the subjective view of the adjuster.

Patent Literature 2 above describes a calibration method
in which, to adjust the intensity of LED illumination, the
sum total of luminance values obtained from images in
which an 1lluminated calibration plate 1s imaged 1s compared
with a reference value. However, in the light-section
method, the light-section 1image 1s influenced by not only the
brightness but also the thickness of the light-section line;
hence, calibration using an indicator of only brightness is not
suflicient. Furthermore, Patent Literature 2 above has no
mention on the method to determine the reference value.

As seen from above, the current situation is that a method
capable of adjusting the brightness and the thickness of a
light-section line 1n a light-section 1image more simply and
objectively 1s desired.

Thus, the present invention has been made 1n view of the
problem mentioned above, and an object of the present
invention 1s to provide a shape inspection method, a shape
inspection apparatus, and a program that can adjust the
brightness and the thickness of a light-section line i a
light-section 1mage more simply and objectively.

Solution to Problem

According to an aspect of the present invention in order
to achieve the above-mentioned object, there 1s provided a
shape nspection method including: a light-section 1mage
generation step 1 which linear laser light 1s applied to an
object surface from a laser light source and a light-section
line based on the laser light on the object surface 1s imaged
by an 1maging apparatus, and thereby a light-section 1image
that 1s a captured 1mage used for a light-section method 1s
generated; an indicator value calculation step 1 which a
thickness indicator value indicating a thickness of the light-
section line and a brightness indicator value indicating a
brightness of the light-section line in the light-section image
are calculated; a setting changing step 1n which setting of at
least one of the laser light source and the imaging apparatus
1s changed so that each of the calculated thickness indicator
value and the calculated brightness indicator value 1s within
a prescribed range uniquely set in advance; and a shape
ispection step 1n which 1mage processing 1s performed on
the light-section 1image after each of the thickness indicator
value and the brightness indicator value 1s brought within
the prescribed range, and thereby a shape of the object
surface 1s mspected.

In the indicator value calculation step, the thickness
indicator value and the brightness indicator value may be
calculated using the light-section image obtained by imaging
of only one light-section line on the object at rest.

It 1s preferable that 1n the indicator value calculation step,
a pixel giving a maximum luminance value be specified 1n
cach of column directions of a light-section 1mage related to
the object surface that are directions corresponding to a
relative movement direction of the object and the laser light
source, and 1n a case where the maximum luminance value
in a column has a luminance value not less than a first
threshold, that column be taken as a pixel column to be
processed, that the sum of the number of pixels giving the
maximum luminance value and the number of pixels having
a luminance value not less than a second threshold with
respect to the maximum luminance value 1n each of the pixel
columns to be processed be taken as the thickness of the
light-section line 1n each of the pixel columns to be pro-
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cessed, and the average of the thicknesses of the light-
section line 1n all the pixel columns to be processed be
calculated and taken as the thickness indicator value, and
that a value obtained by dividing the average of luminance
values 1n all pixels that have been used at a time of
calculating the thickness indicator value by a maximum
output luminance value possibly outputted from the imaging
apparatus be taken as the brightness indicator value.

It 1s preferable that 1n the setting changing step, setting of
at least one of the laser light source and the 1maging
apparatus be changed so that the thickness indicator value 1s
within a range of 1.27 to 2.52 and the brightness indicator
value 1s within a range of 0.24 to 0.52.

It 1s preferable that 1n the setting changing step, at least
one of a focus of a lens mcluded in the 1imaging apparatus,
a focus of a lens included in the laser light source, and a
separation distance between the laser light source and the
object surface be adjusted 1 order to bring the thickness
indicator value within the prescribed range, and that at least
one of an exposure time ol the imaging apparatus, an
aperture of a lens included 1n the imaging apparatus, a gain
of the imaging apparatus, and a power of the laser light
source be adjusted 1n order to bring the brightness indicator
value within the prescribed range.

According to an aspect of the present invention in order
to achieve the above-mentioned object, there 1s provided a
shape mspection apparatus including: a light-section 1mage
generation apparatus that includes a laser light source that
applies linear laser light to an object surface, and an 1maging
apparatus that images a light-section line based on the laser
light on the object surface and generates a light-section
image that 1s a captured image used for a light-section
method; and an arithmetic processing apparatus that per-
forms 1mage processing on the light-section image generated
by the light-section 1mage generation apparatus, assesses a
state of the light-section line, and performs a shape inspec-
tion of the object surface based on a light-section method on
the basis of the light-section image. The arithmetic process-
ing apparatus includes an indicator value calculation unit
that, on the basis of the light-section image generated by the
imaging apparatus, calculates a thickness indicator value
indicating a thickness of the light-section line and a bright-
ness indicator value indicating a brightness of the light-
section line 1n the light-section 1mage, an assessment unit
that, on the basis of the calculated thickness indicator value
and the calculated brightness indicator value, assesses
whether each of the thickness indicator value and the
brightness indicator value 1s within a prescribed range or
not, and a shape mspection unit that performs shape 1inspec-
tion processing based on a light-section method on the basis
of the light-section 1mage after each of the thickness indi-
cator value and the brightness indicator value 1s brought
within a prescribed range uniquely set in advance.

The indicator value calculation unit may calculate the
thickness 1ndicator value and the brightness indicator value
using the light-section image obtained by 1maging of only
one light-section line on the object at rest.

It 1s preferable that the indicator value calculation unit
specily a pixel giving a maximum luminance value in each
of column directions of a light-section 1image related to the
object surface that are directions corresponding to a relative
movement direction of the object and the laser light source,
and 1n a case where the maximum luminance value 1n a
column has a luminance value not less than a first threshold,
takes that column as a pixel column to be processed, take the
sum of the number of pixels giving the maximum luminance
value and the number of pixels having a luminance value not
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less than a second threshold with respect to the maximum
luminance value in each of the pixel columns to be pro-
cessed as the thickness of the light-section line 1n each of the
pixel columns to be processed, and calculate the average of
the thicknesses ol the light-section line i all the pixel
columns to be processed and take the average as the thick-
ness ndicator value, and take a value obtained by dividing
the average of luminance values 1n all pixels that have been
used at a time of calculating the thickness indicator value by
a maximum output luminance value possibly outputted from
the 1imaging apparatus as the brightness indicator value.

The shape ispection apparatus may further include an
adjustment mechanism that adjusts setting of at least one of
the laser light source and the 1imaging apparatus included in
the light-section 1image generation apparatus, the arithmetic
processing apparatus may further include an 1maging control
unit that controls driving of the light-section 1mage genera-
tion apparatus, and an adjustment control unit that controls
driving of the adjustment mechanism, and the adjustment
control unit, on the basis of assessment result by the assess-
ment unit, puts at least one of the adjustment mechanism and
the 1imaging control unit into operation so that the thickness
indicator value and the brightness indicator value are within
the prescribed range.

It 1s preferable that in the shape inspection apparatus,
setting ol at least one of the laser light source and the
imaging apparatus be changed so that the thickness indicator
value 1s within a range of 1.27 to 2.52 and the brightness
indicator value 1s within a range of 0.24 to 0.52.

It 1s preferable that in the shape nspection apparatus, at
least one of a focus of a lens included 1n the 1maging
apparatus, a focus of a lens 1ncluded 1n the laser light source,
and a separation distance between the laser light source and
the object surface be adjusted 1n order to bring the thickness
indicator value within the prescribed range, and that at least
one ol an exposure time of the imaging apparatus, an
aperture of a lens included 1n the 1maging apparatus, a gain
of the imaging apparatus, and a power of the laser light
source be adjusted 1n order to bring the brightness indicator
value within the prescribed range.

According to an aspect of the present invention in order
to achieve the above-mentioned object, there 1s provided a
program for causing a computer capable of mutually com-
municating with a light-section 1image generation apparatus
including a laser light source that applies linear laser light to
an object surface, and an 1maging apparatus that images a
light-section line based on the laser light on the object
surface and generates a light-section image that 1s a captured
image used for a light-section method to function as an
arithmetic processing apparatus that performs image pro-
cessing on the light-section 1mage generated by the light-
section 1mage generation apparatus, assesses a state of the
light-section line, and performs a shape inspection of the
object surface based on a light-section method on the basis
of the light-section 1image. The program 1s for causing the
computer to execute: an indicator value calculation function
of, on the basis of the light-section image generated by the
imaging apparatus, calculating a thickness indicator value
indicating a thickness of the light-section line and a bright-
ness indicator value indicating a brightness of the light-
section line 1n the light-section 1image; an assessment func-
tion of, on the basis of the calculated thickness indicator
value and the calculated brightness indicator value, assess-
ing whether each of the thickness indicator value and the
brightness indicator value 1s within a prescribed range or
not; and a shape mspection function of performing shape
ispection processing based on a light-section method on the
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basis of the light-section 1mage after each of the thickness
indicator value and the brightness indicator value 1s brought
within a prescribed range uniquely set in advance.

The indicator value calculation function may calculate the
thickness indicator value and the brightness indicator value 4
using the light-section image obtained by 1maging of only
one light-section line on the object at rest.

It 1s preferable that the indicator value calculation func-
tion specily a pixel giving a maximum luminance value in
cach of column directions of a light-section 1mage related to
the object surface that are directions corresponding to a
relative movement direction of the object and the laser light
source, and 1n a case where the maximum luminance value
in a column has a luminance value not less than a first
threshold, take that column as a pixel column to be pro-
cessed, take the sum of the number of pixels giving the 1°
maximum luminance value and the number of pixels having
a luminance value not less than a second threshold with
respect to the maximum luminance value in each of the pixel
columns to be processed as the thickness of the light-section
line 1n each of the pixel columns to be processed, and 20
calculate the average of the thicknesses of the light-section
line 1n all the pixel columns to be processed and take the
average as the thickness indicator value, and take a value
obtained by dividing the average of luminance values 1n all
pixels that have been used at a time of calculating the ,;
thickness indicator value by a maximum output luminance
value possibly outputted from the imaging apparatus as the
brightness indicator value.

The computer may be further capable of mutually com-
municating with an adjustment mechanism that adjusts
setting ol at least one of the laser light source and the
imaging apparatus included in the light-section 1mage gen-
cration apparatus, the program may further cause the com-
puter to execute: an 1maging control function of controlling
driving of the light-section 1image generation apparatus; and
an adjustment control function of controlling driving of the 33
adjustment mechanism, and the adjustment control function,
on the basis of assessment result by the assessment function,
may put at least one of the adjustment mechanism and the
imaging control function nto operation so that the thickness
indicator value and the brightness indicator value are within 40
a prescribed range.

The adjustment control function may cause at least one of
the adjustment mechanism and the imaging control function
to change setting of at least one of the laser light source and
the 1maging apparatus so that the thickness mdicator value 5
1s within a range of 1.27 to 2.52 and the brightness indicator
value 1s within a range of 0.24 to 0.52.

It 1s preferable that the adjustment control function cause
at least one of the adjustment mechanism and the 1maging
control function to adjust at least one of a focus of a lens
included 1n the 1imaging apparatus, a focus of a lens included
in the laser light source, and a separation distance between
the laser light source and the object surface 1n order to bring,
the thickness indicator value within the prescribed range,
and cause at least one of the adjustment mechanism and the
imaging control function to adjust at least one of an exposure 33
time of the 1maging apparatus, an aperture of a lens included
in the 1imaging apparatus, a gain of the imaging apparatus,
and a power of the laser light source 1n order to bring the
brightness indicator value within the prescribed range.

Further, to solve the 1ssue mentioned above, according to 60
yet another aspect of the present mmvention, a recording

medium on which the program 1s recorded 1s provided.
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Advantageous Effects of Invention
63
As described above, according to the present invention,
by using a brightness indicator value and a thickness 1ndi-

6

cator value like those mentioned above, it becomes possible
to adjust the brightness and the thickness of a light-section
line 1n a light-section 1mage more simply and objectively.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram schematically showing an
example of the configuration of a shape inspection apparatus
using the light-section method.

FIG. 2 1s an explanatory diagram schematically showing
the configuration of a light-section 1mage generation appa-
ratus provided 1n the shape inspection apparatus.

FIG. 3 1s an explanatory diagram showing an example of
the luminance 1image generated from an appropriately cap-
tured light-section 1image.

FIG. 4 1s an explanatory diagram showing an example of
the luminance 1mage generated from a not approprately
captured light-section 1image.

FIG. 5 1s an explanatory diagram for describing a cause of
noise superimposed i a luminance image.

FIG. 6 1s an explanatory diagram for describing the
thickness of a light-section line.

FIG. 7 1s an explanatory diagram for describing the
brightness and the thickness of a light-section line.

FIG. 8A 1s a block diagram schematically showing an
example of the configuration of a shape inspection apparatus
according to an embodiment of the present invention.

FIG. 8B 1s a block diagram schematically showing an
example of the configuration of a shape inspection apparatus
according to an embodiment of the present invention.

FIG. 9 15 an explanatory diagram for describing indicator
value calculation processing according to the embodiment.

FIG. 10 1s a graph for describing a brightness indicator
value and a thickness indicator value according to the
embodiment.

FIG. 11 1s an explanatory diagram for describing the
brightness 1indicator value and the thickness idicator value
according to the embodiment.

FIG. 12 1s a flowchart showing an example of a sequence
of a shape mspection method according to the embodiment.

FIG. 13 1s a block diagram schematically illustrating an
example of a hardware configuration of an arithmetic pro-
cessing apparatus according to an embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

Heremaftter, (a) preferred embodiment(s) of the present
invention will be described in detail with reference to the
appended drawings. In this specification and the drawings,
clements that have substantially the same function and
structure are denoted with the same reference signs, and
repeated explanation 1s omitted.

(With Regard to Shape Inspection Apparatus Using Light-
Section Method)

First, an overview of a shape inspection apparatus using,
the light-section method 1s briefly described with reference
to FIG. 1 to FIG. 6.

FIG. 1 1s a block diagram schematically showing an
example of the configuration of a shape inspection apparatus
using the light-section method, and FIG. 2 1s an explanatory
diagram schematically showing the configuration of a light-
section 1mage generation apparatus provided in the shape
ispection apparatus. FIG. 3 1s an explanatory diagram
showing an example of the luminance 1image generated from
an appropriately captured light-section image, and FIG. 4 1s
an explanatory diagram showing an example of the lumi-
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nance image generated from a not appropriately captured
light-section 1image. FIG. 5 1s an explanatory diagram for
describing a cause of noise superimposed in a luminance
image. FIG. 6 1s an explanatory diagram for describing the
thickness of a light-section line. 5

As schematically shown in FIG. 1, a shape inspection
apparatus 1 that measures the surface shape of an object to
be measured S using the light-section method 1s usually
composed of a light-section 1mage generation apparatus 10,
an arithmetic processing apparatus 20, and a driving mecha- 10
nism 30.

Here, the light-section 1mage generation apparatus 10 1s
an apparatus that applies linear laser light to the object to be
measured S and 1mages a light-section line based on the
linear laser light on the surface of the object to be measured 15
S, and thereby generates a light-section 1mage related to the
object to be measured S. The light-section 1mage generation
apparatus 10 1s composed of, as schematically shown 1n
FIG. 2, a laser light source 11 that applies linear laser light
to the object to be measured S and an 1maging apparatus 13 20
that images a light-section line on the surface of the object
to be measured S.

The laser light source 11 1s composed of, for example, a
light source unit that emits laser light of a prescribed
wavelength, such as in the visible light range, and a lens 25
(e.g., a cylindrical lens, a rod lens, a Powell lens, or the like)
for condensing laser light emitted from the light source unit
in the line width direction while spreading the laser light 1in
the length direction and thus generating linear light. The
thickness of the light-section line at the laser irradiation 30
position can be adjusted by changing the focus in the line
width direction of the lens.

The imaging apparatus 13 includes, as imaging elements,

a lens having a prescribed open aperture value and a
prescribed focal distance and any of various sensors such as 35
a charge-coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS).

Under the control by the arithmetic processing apparatus
20 described later, the light-section 1mage generation appa-
ratus 10 performs the processing of applying linear laser 40
light, the processing of 1maging a light-section line, etc. at
a prescribed time interval, and generates a plurality of
light-section 1images. The light-section 1mage generated by
the light-section 1image generation apparatus 10 1s outputted
to the arithmetic processing apparatus 20. 45

In shape inspection processing using the light-section
method, as described above, 1t 1s 1important to change the
relative positional relationship between the object to be
measured S and the light-section 1mage generation apparatus
10 at appropriate times. The change of the positional rela- 50
tionship 1s performed by the driving mechanism 30 such as
various driving rollers and actuators, under the control of the
arithmetic processing apparatus 20.

The arithmetic processing apparatus 20 acquires a light-
section 1mage generated by the light-section 1mage genera- 55
tion apparatus 10 and pertorms known processing like that
disclosed 1n Patent Literature 1 above on the acquired
light-section i1mage, and thereby generates a luminance
image and an unevenness 1mage. After that, the arithmetic
processing apparatus 20 performs prescribed image process- 60
ing on the generated luminance image and unevenness
image, and thereby generates information showing the sur-
tace shape of the object to be measured S. The arithmetic
processing apparatus 20 functions also as a control unit that
controls 1maging processing (in other words, the processing 65
of generating a light-section image) in the light-section
image generation apparatus 10.

8

The arithmetic processing apparatus 20 includes, as sche-
matically shown 1n FIG. 1, an imaging control unit 21, an
image processing unit 23, a display control umt 25, and a
storage unit 27, for example.

The imaging control unit 21 1s configured with a central
processing unit (CPU), a read-only memory (ROM), a
random access memory (RAM), a communication device,
etc. The imaging control unit 21 controls the imaging of the
object to be measured S performed by the light-section
image generation apparatus 10. More specifically, when the
relative movement of the object to be measured S and the
optical system (that 1s, the light-section 1mage generation
apparatus 10) 1s started by the driving mechanism 30 (e.g.,
a driving motor, an actuator, or the like) under control, the
imaging control unit 21 sends a control signal like the
following to the light-section 1mage generation apparatus
10. That 1s, the imaging control unit 21 sends a trigger signal
for starting the application of linear laser light to the laser
light source 11 of the light-section 1mage generation appa-
ratus 10, and sends a trigger signal for starting the process-
ing of capturing a captured image of a light-section line (that
1s, a light-section 1mage) to the imaging apparatus 13.

The 1mage processing unit 23 1s configured with, for
example, a CPU, a ROM, a RAM, a communication device,
etc. The image processing unit 23 performs various pieces of
image processing using a light-section 1image acquired from
the imaging apparatus 13 of the light-section 1image genera-
tion apparatus 10.

More specifically, the 1image processing unit 23 uses a
light-section 1image outputted from the light-section image
generation apparatus 10 to generate a luminance 1image and
an unevenness 1mage like those disclosed 1n Patent Litera-
ture 1 above. After that, the image processing unit 23 uses
the generated luminance image and unevenness image to
perform shape mspection processing of calculating the sur-
face shape of the object to be measured S and detecting
various defects or the like that may exist on the surface of
the object to be measured S.

On finishing the shape inspection processing of the sur-
face of the object to be measured S, the 1mage processing
umt 23 transmits information on the obtained inspection
result to the display control unit 25.

The display control unit 25 1s configured with, for
example, a CPU, a ROM, a RAM, an output device, etc. The
display control unit 25 performs display control at the time
of displaying the inspection result of the object to be
measured S transmitted from the image processing unit 23
on an output device such as a display included in the
arithmetic processing apparatus 20, an output device pro-
vided outside the arithmetic processing apparatus 20, or the
like. Thereby, the user of the shape nspection apparatus 1
can grasp various inspection results concerning the surface
shape of the object to be measured S on the spot.

The storage unmit 27 1s configured with, for example, a
RAM, a storage device, or the like included 1n the arithmetic
processing apparatus 20 according to the present embodi-
ment. In the storage unit 27, various parameters, reports on
processing still 1n progress, etc. that need to be saved when
the arnthmetic processing apparatus 20 according to the
present embodiment performs some kind of processing,
various databases and programs, etc. are recorded, as appro-
priate. The 1imaging control unit 21, the 1mage processing
unmt 23, the display control unit 25, etc. can freely perform
data read/write processing on the storage umt 27.

To obtain an appropriate luminance image using the shape
inspection apparatus 1 like that described above, 1t 1s impor-
tant to appropriately obtain a light-section 1image serving as
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a basis of a luminance 1mage. Here, to obtain an appropriate
light-section 1mage, 1t 1s necessary to adjust the thickness
and the brightness of the light-section line used to generate
a light-section 1mage to a certain range. If neither the
thickness nor the brightness of the light-section line 1s
appropriate, problems such as (1) to (4) below arise.

(1) In the case where the light-section line 1s too dark: the
luminance 1image generated using the light-section image 1s
dark as a whole, and surface shape immformation cannot be
obtained appropriately.

(2) In the case where the light-section line 1s too bright:
halation (blown-out highlights) occurs in the luminance
image generated using the light-section 1mage.

(3) In the case where the light-section line 1s too thin:
noise 1s superimposed in the luminance image generated
using the light-section 1mage.

(4) In the case where the light-section line 1s too thick: the
space resolution of the luminance image and the unevenness
image generated using the light-section 1mage 1s reduced,
and the accuracy of surface shape information 1s reduced.

Here, the reason why the problems of (1) and (2) above
arise 1s clear; but a description 1s probably required regard-
ing the reason why the problems of (3) and (4) above arise,
and this 1s specifically described below with reference to
FIG. 3 to FIG. 6.

FIG. 3 1s an example of the appropriate luminance image
generated from a light-section 1mage 1 which an appropri-
ately set light-section line 1s 1maged, and FIG. 4 1s an
example of the luminance 1mage with noise superimposed
therein that 1s generated from a light-section image 1n which
too thin a light-section line 1s 1maged. In an appropnate
luminance 1mage like that shown n FIG. 3, the brightness
and darkness of the light-section line changes 1n accordance
with the surface state of the object to be measured S, and
thereby the brightness and darkness of the light-section line
1s converted to the luminance value of the luminance 1mage.
However, as shown in FIG. 4, in the case where too thin a
light-section line 1s used, a striped pattern extending in a
direction (the vertical direction 1n FIG. 4) orthogonal to the
extending direction of the light-section line 1s superimposed
in the luminance 1mage.

Noise superimposed 1n the luminance image like that
shown 1 FIG. 4 (a striped pattern) does not exist in the
original luminance 1image; 1n the case where, for example,
this luminance 1mage 1s used for a visual surface mnspection
or the like, a problem that a defect such as a flaw that may
exist on the surface of the object to be measured S 1s hard
to see arises. Even 1n the case where a surface mspection 1s
performed aifter various pieces ol 1mage processing are
performed on this luminance 1image, detection accuracy 1s
reduced due to the superimposed noise of a striped pattern.

A cause of the occurrence of such noise of a striped
pattern 1s derived from the structure of the imaging element.
FIG. 5 1s an explanatory diagram schematically showing the
pixel structure of a common 1maging e¢lement. In the com-
mon 1maging element, it 1s not always the case that the
whole pixel 1s formed as a light receiving unit, but the area
of the light receiving unit in each pixel 1s limited as
schematically shown in FIG. 5. Furthermore, an electric
circuit for outputting an electrical signal corresponding to
the light received by the light receiving unit needs to be
formed 1n the pixel; thus, as shown 1n FIG. 5, there are few
cases where the light recerving unit 1s formed 1n a central
portion of the pixel.

In the case where an image of too thin a light-section line
1s formed 1n a common 1maging element having such a pixel,
as schematically shown in FIG. 5 there are a pixel in which
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the light-section line 1s formed as an image in the light
receiving unit and a pixel in which the light-section line 1s
formed as an 1mage 1n a place where the light recerving unit
1s not present. Presumably 1t 1s because of this that noise of
a striped pattern 1s superimposed 1n the luminance 1image as
shown 1 FIG. 4.

Further, in the case where the light-section line 1s too thick
like (4) above, when thought 1s given to the distribution of
luminance along the width direction of the light-section line
(the y-axis direction 1n FIG. 6), there 1s influence due to
speckle noise of laser light because the light-section line 1s
thick. As a result, unlike a light-section line 1n an approprate
state, a plurality of portions (y-coordinate positions) giving,
peaks of luminance value exist. Consequently, 11 the calcu-
lation of the centroid position like that disclosed 1n Patent
Literature 1 1s performed in order to generate an unevenness
image, a variation occurs in the centroid position and the
accuracy of surface shape information 1s reduced. Speckle
noise 1s a problem peculiar to laser light, and appears
regardless ol the surface roughness of the object to be
measured S. Hence, an accuracy reduction of surface shape
information due to the fact that the light-section line 1s too
thick always occurs regardless of the object to be measured
S.

(With Regard to Studies by Present Inventors)

The present inventors conducted extensive studies on
problems like those shown 1n (1) to (4) above derived from
the brightness and the thickness of the light-section line.
Influence given by the brightness and the thickness of the
light-section line 1s as schematically shown 1n the left side
of FIG. 7. FIG. 7 1s an explanatory diagram for describing
the brightness and the thickness of the light-section line.

Ranges of the brightness of the light-section line in which
the problems of (1) and (2) above arise can be expressed as
shown 1n the upper part on the left side of FIG. 7. Thus, the
range of the brightness of an appropriate light-section line 1s
a region defined by a certain upper limit value and a certain
lower limit value in regard to the brightness of the light-
section line. Similarly, ranges of the thickness of the light-
section line i which the problems of (3) and (4) above arise
can be expressed as shown 1n the lower part on the left side
of FIG. 7. Thus, the range of the thickness of an appropriate
light-section line 1s a region defined by a certain upper limait
value and a certain lower limit value 1n regard to the
thickness of the light-section line.

Hence, a range of the brightness and the thickness of the
light-section line 1n which none of the problems of (1) to (4)
above occur 1s supposed to exist 1in a region like that marked
with the double circle sign in the right figure of FIG. 7. Thus,
il a region giving an appropriate light-section line can be
objectively defined, an appropriate light-section 1mage and
further an appropriate luminance 1mage can be acquired by
adjusting the light-section 1mage generation apparatus 10 so
that the thickness and the brightness of the light-section line
are within that region.

The problems of (1) to (4) described above are derived
only from the thickness and the brightness of the light-
section line present in the light-section 1mage. The thickness
and the brightness of the light-section line are determined by
the optical system and the imaging conditions of the light-
section 1mage generation apparatus 10 and the reflection
characteristics of the object to be measured S; however, the
region marked with the double circle sign 1n the right figure
of FIG. 7 1s always a fixed range regardless of the optical
system, the 1maging conditions, or the reflection character-
istics of the object to be measured S (in other words,
regardless of the type of the object to be measured S or the
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specifications of the laser light source or the 1maging appa-
ratus), for the reason described later. As described later, the

proper region of the thickness and the brightness marked
with the double circle sign 1s specifically provided by the
present 1nvention. Thus, the practitioner of the present
invention does not need to calculate an proper region
separately. That 1s, the practitioner of the present invention
can always obtain an appropriate luminance image and an
appropriate unevenness image by simply making adjustment
so that the thickness indicator value and the brightness
indicator value for a desired object to be measured exist 1in
an proper region.

Thus, on the basis of findings like those mentioned above,
the present inventors conducted studies on indicator values
related to the brightness and the thickness of the light-
section line that can objectively define the region marked
with the double circle sign 1n the right figure of FIG. 7. As
a result, the present mnventors have arrived at a “brightness
indicator value” and a “thickness indicator value” like those
described below, and have defined the region marked with
the double circle sign 1n the right figure of FIG. 7 using these
two kinds of mdicator values. Based on this, the present
inventors have completed a method for evaluating a light-
section 1mage and a method for adjusting a light-section
image generation apparatus like those described below.

Embodiments

In the following, a shape inspection apparatus according,
to an embodiment of the present invention completed on the
basis of the findings mentioned above 1s described 1n detail.
<With Regard to Configuration of Shape Inspection Appa-
ratus=

First, the configuration of a shape inspection apparatus
100 according to the present embodiment 1s described 1n

detail with reference to FIG. 8A to FIG. 11.

FIG. 8A and FIG. 8B are block diagrams schematically
showing an example of the configuration of a shape inspec-
tion apparatus according to the present embodiment, and
FIG. 9 1s an explanatory diagram for describing indicator
value calculation processing according to the present
embodiment. FIG. 10 1s a graph for describing a brightness
indicator value and a thickness indicator value according to
the present embodiment, and FIG. 11 1s an explanatory
diagram for describing the brightness indicator value and the
thickness indicator value according to the present embodi-
ment.

The shape mspection apparatus 1 according to the present
embodiment 1s an apparatus in which a shape inspection
apparatus using the light-section method like that shown 1n
FIG. 1 1s further mounted with the function of evaluating a
light-section line and a mechanism for adjusting the optical
system of the light-section 1image generation apparatus 10.

The shape mspection apparatus 1 according to the present
embodiment mainly includes, as shown in FIG. 8A, the
light-section 1mage generation apparatus 10, the arithmetic
processing apparatus 20, the driving mechanism 30, and an
optical system adjustment mechanism 40.

Here, the light-section image generation apparatus 10
included 1n the shape mspection apparatus 1 according to the
present embodiment has a similar configuration and exhibits
similar functions to the light-section 1mage generation appa-
ratus 10 included 1n a common shape nspection apparatus
like that described with reference to FIG. 1 and FIG. 2.
Theretore, a detailed description 1s omitted in the following.

Also the driving mechanism 30 included in the shape
ispection apparatus 1 according to the present embodiment

10

15

20

25

30

35

40

45

50

55

60

65

12

1s similar to the driving mechanism 30 included 1n a com-
mon shape inspection apparatus like that described with
reference to FIG. 1, and a detailed description 1s omitted in
the following.

The arithmetic processing apparatus 20 according to the
present embodiment acquires a light-section 1mage gener-
ated by the light-section image generation apparatus 10, and
uses the acquired light-section image to evaluate whether the
light-section line has an appropriate thickness and an appro-
priate brightness or not. In the case where 1t 1s assessed that
the light-section line does not have an appropriate thickness
or an appropriate brightness, the optical system of the
light-section 1image generation apparatus 10 (that 1s, various
units etc. constituting the laser light source and the 1maging
apparatus 1n the light-section 1mage generation apparatus
10) 1s adjusted so that the light-section line has an appro-
priate thickness and an appropriate brightness.

Further, the arithmetic processing apparatus 20 according
to the present embodiment acquires a light-section 1mage
generated using a light-section line having an appropriate
thickness and an appropriate brightness, and performs
known processing like that disclosed 1n Patent Literature 1
above on the acquired light-section image; and thereby
generates a luminance image and an unevenness i1mage.
After that, the arithmetic processing apparatus 20 performs
prescribed 1mage processing on the generated luminance
image and unevenness 1mage, and thereby generates infor-
mation showing the surface shape of the object to be
measured S. The arnthmetic processing apparatus 20 func-
tions also as a control umt that controls 1maging processing
in the light-section 1image generation apparatus 10 (1n other
words, the processing of generating a light-section image).

The anithmetic processing apparatus 20 having such func-
tions mainly includes, as shown i FIG. 8A, an 1maging
control unit 201, an 1mage processing unit 203, an optical
system adjustment control umt 205, a display control unit
207, and a storage unit 209.

The imaging control unit 201 1s configured with a CPU,
a ROM, a RAM, a communication device, etc. The imaging
control unit 201 controls the imaging of the object to be
measured S performed by the light-section image generation
apparatus 10. More specifically, when a reference plate
described later or the object to be measured S 1s placed 1n a
position to be 1rradiated with a light-section line for thick-
ness adjustment and brightness adjustment, the i1maging
control unit 201 sends a trigger signal for starting the
application of linear laser light to the laser light source 11 of
the light-section image generation apparatus 10, and sends a
trigger signal for starting the processing ol capturing a
captured 1image of a light-section line (light-section 1mage)
to the imaging apparatus 13.

Further, the imaging control unit 201 can change control-
lable ones of the operating states of the laser light source 11
and the 1maging apparatus 13 constituting the light-section
image generation apparatus 10 under control, 1n cooperation
with the optical system adjustment control unit 205 and the
optical system adjustment mechanism 40 described later, as
appropriate.

Further, when thickness adjustment and brightness adjust-
ment are completed and then the relative movement of the
object to be measured S and the light-section 1mage gen-
cration apparatus 10 1s started by the driving mechanism 30
(e.g., a driving motor, an actuator, or the like) under control,
the 1maging control unit 201 sends a trigger signal for
starting the application of linear laser light to the laser light
source 11 of the light-section image generation apparatus 10,
and sends a trigger signal for starting the processing of
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capturing a captured image of a light-section line (light-
section 1mage) to the imaging apparatus 13.

The 1mage processing unit 203 1s configured with, for
example, a CPU, a ROM, a RAM, etc. The image processing
unit 203 performs prescribed 1mage processing on a light-
section 1mage generated by the light-section 1image genera-
tion apparatus 10, evaluates the light-section line present in
the light-section 1image, and performs a shape inspection of
the surface of the object to be measured S. A detailed
configuration of the image processing unit 203 1s described
later.

The optical system adjustment control unit 205, which 1s
an example of the adjustment control unit, 1s configured
with, for example, a CPU, a ROM, a RAM, a communica-
tion device, etc. The optical system adjustment control unit
205 1s a processing unit that controls the optical system
adjustment mechanism 40 for adjusting the optical system of
the light-section 1mage generation apparatus 10 (that 1s,
various umts etc. constituting the laser light source 11 and
the 1maging apparatus 13) on the basis of the evaluation
result of the light-section line by the image processing unit
203. The optical system adjustment control unit 205 may
control the optical system adjustment mechanism 40 1n
cooperation with the imaging control unit 201, as necessary.
For example, the optical system adjustment control unit 2035
may allow the imaging control unit 201 to adjust the
condition of the optical system of the light-section 1image
generation apparatus 10 that can be adjusted by the imaging
control unit 201, and may control the optical system adjust-
ment mechanism 40 in order to adjust the condition of the
optical system that 1s hard for the imaging control unit 201
to adjust.

Here, the optical system adjustment mechanism 40, which
1s an example of the adjustment mechanism, 1s composed of
a driving motor, an actuator, or the like provided in order to
change the operating state of the laser light source 11 and the
imaging apparatus 13. Under the control of the optical
system adjustment control unit 205, the optical system
adjustment mechanism 40 actually adjusts the optical system
of the light-section 1image generation apparatus 10; thereby,
the thickness and the brightness of the light-section line can
be adjusted to an appropriate state.

A specific control method performed by the optical sys-
tem adjustment control unit 205 1s described later.

The display control unit 207 1s configured with, for
example, a CPU, a ROM, a RAM, an output device, etc. The
display control unit 207 performs display control at the time
of displaying the evaluation result of the light-section line
and the imspection result of the object to be measured S
transmitted from the 1mage processing unit 203 on an output
device such as a display included 1n the arithmetic process-
ing apparatus 20, an output device provided outside the
arithmetic processing apparatus 20, or the like. Thereby, the
user of the shape inspection apparatus 1 can grasp the
evaluation result of the light-section line, various inspection
results concerning the surface shape of the object to be
measured S, etc. on the spot.

The storage unit 209 1s configured with, for example, a
RAM, a storage device, or the like included 1n the arithmetic
processing apparatus 20 according to the present embodi-
ment. In the storage unit 209, various pieces of information
that the 1mage processing unit 203 uses to evaluate the
light-section line are stored. Further, 1n the storage unit 209,
various parameters, reports on processing still in progress,
ctc. that need to be saved when the arithmetic processing
apparatus 20 according to the present embodiment performs
some kind of processing, various databases and programs,
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etc. are recorded, as appropriate. The 1maging control unit
201, the mmage processing unit 203, the optical system
adjustment control unit 203, the display control unit 207, etc.
can Ireely perform data read/write processing on the storage
unit 209.

Next, an example of the configuration of the image
processing unit 203 included in the arthmetic processing
apparatus 20 according to the present embodiment 1is
described in detail with reference to FIG. 8B.

The image processing unit 203 according to the present
embodiment mainly includes, as shown 1n FIG. 8B, a data
acquisition unit 251, an indicator value calculation unit 253,
an assessment unit 255, a shape mspection unit 257, and a
result output unit 259.

The data acquisition umit 251 1s configured with, for
example, a CPU, a ROM, a RAM, a communication device,
ctc. The data acquisition unit 251 acquires, from the light-
section 1mage generation apparatus 10, image data of a
light-section 1mage generated by the light-section image
generation apparatus 10. The data acquisition umit 251
outputs the acquired 1image data of a light-section 1image to
the indicator value calculation unit 253 and the shape
ispection unit 257 described later.

The indicator value calculation unit 253 1s configured

with, for example, a CPU, a ROM, a RAM, etc. The
indicator value calculation unit 253 uses the light-section
image outputted from the data acquisition unit 251 to
calculate a thickness indicator value indicating the thickness
of the light-section line and a brightness indicator value
indicating the brightness of the light-section line in the
light-section 1mage.
More specifically, the indicator value calculation unit 253
first specifies a pixel giving the maximum luminance value
in each of the column directions in the pixel arrangement of
the light-section 1image (the height directions of the light-
section 1mage) that are directions corresponding to the
relative movement direction of the object and the laser light
source. At this time, when the pixel giving the maximum
luminance value of a column has a luminance value not less
than a first threshold, that focused-on column 1s referred to
as a pixel column to be processed. These pixel columns to
be processed are used to calculate indicator values described
later. In other words, a column in which the maximum
luminance value 1s less than the first threshold 1s excluded
from the calculation of indicator values described later.
Here, the specific value of the first threshold at the time of
speciiying the pixel column to be processed i1s not particu-
larly limited, and may be set to, for example, approximately
10% (dor example, in the case where 8 bit of data are
outputted, the luminance value=approximately 20) of the
maximum output luminance value possibly outputted from
the 1imaging apparatus 13 (for example, 1 the case where 8
bit of data are outputted, the maximum output luminance
value=255).

After that, the indicator value calculation unit 253 speci-
fies a pixel having a luminance value not less than a second
threshold with respect to the maximum luminance value of
cach pixel column to be processed. After that, 1n each pixel
column to be processed, the indicator value calculation unit
253 takes, as the thickness of the light-section line 1n the
focused-on pixel column to be processed, the sum of the
number of pixels giving the specified maximum luminance
value and the number of pixels that are pixels other than the
pixel having the maximum luminance value and have a
luminance value not less than the second threshold. That 1s,
the thickness of the light-section line 1s expressed using, as
the unit, the size of pixels in the light-section 1image. After
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that, the indicator value calculation unmit 253 calculates the
average ol the thicknesses of the light-section line in the
pixel columns to be processed for the width direction of the
light-section 1mage, and takes the average as a thickness
indicator value. Here, the second threshold mentioned above 5
1s defined as a coethcient that 1s multiplied with the maxi-
mum luminance value in each position 1n the extending
direction; the specific value thereof 1s not particularly lim-
ited, and may be set to, for example, approximately 70%
(that 1s, 0.7). 10

In the following, a method for calculating the thickness
indicator value 1s specifically described with reference to
FIG. 9.

At this moment, 1t 1s assumed that a light-section 1mage
in which the number of pixels 1s as shown in FIG. 9 exists, 15
and a light-section line extends so as to be parallel to the
width direction of the light-section 1image shown 1n FIG. 9
(the row direction of the pixel arrangement). Here, it 1s
assumed that, as a result of the fact that the indicator value
calculation unit 253 has specified the pixel column to be 20
processed using the first threshold, the pixel columns are
assessed as being the pixel column to be processed except
for the 2nd column from the right 1n FIG. 9. After that, the
indicator value calculation unit 253 sequentially specifies
the thickness of the light-section line 1n the positions 1n the 25
width direction of the light-section 1mage (the extending
direction of the light-section line). It 1s assumed that, when
attention 1s focused on the pixel column located on the
leftmost side 1n FIG. 9, the pixel giving the maximum
luminance value 1n the pixel column on the leftmost side 1s 30
the 2nd pixel from the top, and the pixel having a luminance
value not less than the second threshold with respect to the
maximum luminance value 1s the 3rd pixel from the top. In
this case, the indicator value calculation unit 253 assesses
that the thickness of the light-section line 1n the pixel column 35
located on the leftmost side 1s 2 pixels. The indicator value
calculation unit 233 performs similar processing on each
pixel column to be processed; thereby, a thickness on a pixel
basis like that shown 1 FIG. 9 1s specified. After that, the
indicator value calculation unit 253 calculates the average 40
value of the thicknesses specified 1n the above manner for all
the pixel columns to be processed mentioned above. In the
example shown i FIG. 9, while the 2nd column from the
right, which 1s not to be processed, 1s excluded, the total of
the thicknesses 1s 24+2+4+2+5+2=17 pixels, and the number 45
of pixel columns to be processed 1s 6; accordingly, the
average value of thickness treated as the thickness indicator
value 1s 17+6=2.8. Thus, the thickness indicator wvalue
according to the present embodiment 1s the average value of
the thicknesses of the light-section line 1n pixel columns to 50
be processed (a direction orthogonal to the width direction
of the light-section image (the extending direction of the
light-section line)). The procedure described above of find-
ing the thickness indicator value can be applied completely
similarly even to the case where the extending direction of 55
the light-section line 1s not strictly parallel to the width
direction of the light-section image.

Further, the indicator value calculation unit 253 divides
the average of the luminance values 1n the pixels giving the
maximum luminance value 1n the pixel columns assessed as 60
the pixel column to be processed that have been used 1n the
calculation of the thickness indicator value like that men-
tioned above and the pixels having a luminance value not
less than the second threshold with respect to the maximum
luminance value by the maximum output luminance value 65
possibly outputted from the imaging apparatus 13, and takes
the average as a brightness indicator value. In the example
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shown 1 FIG. 9, the average value of the luminance values
in the 17 pixels that have been used in the averaging
operation of the thickness indicator value 1s divided by the
maximum output luminance value possibly outputted from
the 1maging apparatus 13, and thereby the brightness indi-
cator value 1s calculated. Thus, the brightness indicator
value according to the present embodiment 1s a value
obtained by dividing the average of the luminance values
possessed by pixels that have been used in the calculation of
the thickness indicator value by the maximum output lumi-
nance value possibly outputted from the imaging apparatus
13.

Here, a light-section line 1s present 1n the light-section
image focused on 1n the present embodiment as a result of
the fact that the optical system and the photographing
conditions of the light-section 1image generation apparatus
10 and the reflection characteristics of the object to be
measured S are reflected. That 1s, the thickness indicator
value and the brightness indicator value defined 1n the above
manner are values depending on the optical system, the
photographing conditions, and the reflection characteristics
of the object to be measured S. On the other hand, the proper
region of thickness and brightness shown by the double
circle sign of FIG. 7 1s always fixed regardless of the optical
system, the photographing conditions, or the retlection char-
acteristics of the object to be measured S. The reasons will
now be described 1n order.

First, the reason why noise of a striped pattern occurs 1n
the luminance 1image 1s that the light-section line 1s too thin
to be formed as an 1mage 1n all the light receiving units of
the imaging element. Next, the reason why the accuracy of
surface shape information 1s reduced 1s that a plurality of
peak points ol luminance value exist due to speckle noise
peculiar to a laser that occurs due to the fact the light-section
line on the imaging element it too thick. That 1s, the
problems mentioned above are caused only by the thickness
of the light-section line. In other words, the problems
mentioned above do not arise as long as the thickness
indicator value of the light-section line 1s within a range of
upper and lower limaits that are always fixed, such as one not
depending on the optical system, the photographing condi-
tions, or the retlection characteristics of the object to be
measured S.

On the other hand, the reason why a luminance 1image 1n
which halation occurs or that i1s too dark 1s obtained 1s that
the light-section line 1s too bright or too dark. These prob-
lems are caused only by the brightness (1.e., luminance
value) of the light-section line with respect to the maximum
output luminance value possibly outputted from the imaging
apparatus 13. In other words, these problems do not arise as
long as the brightness indicator value of the light-section
line 1s set 1n a range of upper and lower limaits that are always
fixed, such as one not depending on the optical system, the
photographing conditions, or the reflection characteristics of
the object to be measured S.

As described later, 1in the present invention, an proper
region of thickness and brightness 1s specifically provided.
Thus, the practitioner of the present invention does not need
to calculate an proper region separately, and needs only to
calculate the thickness indicator value and the brightness
indicator value for a desired object to be measured and check
whether each indicator value exists 1 an proper region
provided by the present invention or not.

In order for the indicator value calculation unit 253 to
calculate the thickness indicator value and the brightness
indicator value, 1t 1s not always necessary to generate a
plurality of light-section 1mages formed of a light-section
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line based on the relative movement of the object to be
measured S and the light-section image generation apparatus
10 for use in a shape inspection or the like, which 1s an
original object of light-section 1mage generation, and the
thickness indicator value and the brightness indicator value
can be calculated even from one captured image of a
light-section line on an object to be measured S at rest (that
1s, one light-section 1mage). Thus, both indicator values can
be simply calculated while the object to be measured S 1s
fixed without performing the relative movement by the
driving mechanism 30.

The indicator value calculation unit 233 outputs the two
kinds of indicator values calculated in the above manner to
the assessment unit 235 and the result output umt 259
described later.

Returning to FIG. 8B again, the assessment unit 255
according to the present embodiment 1s described.

The assessment unit 255 1s configured with, for example,
a CPU, a ROM, a RAM, etc. On the basis of the thickness
indicator value and the brightness indicator value calculated
by the indicator value calculation unit 253, the assessment
unit 255 assesses whether each of the thickness indicator
value and the brightness indicator value 1s within a pre-
scribed range or not. Here, the ranges of the thickness
indicator value and the brightness indicator value used for
the assessment are ranges that define the boundary of the
region shown by the double circle sign 1n the right figure of
FIG. 7.

To specily specific ranges of the thickness indicator value
and the brightness indicator value like those mentioned
above, the present inventors used a slab that was known to
be flat and have a uniform surface and cut out a plurality of
samples from the slab. After that, using the shape mspection
apparatus 1 like that shown 1n FIG. 1, the present inventors
generated a plurality of light-section 1mages while inten-
tionally changing the brightness and the thickness of the
light-section line, and calculated the unevenness shape of
the sample using the obtained light-section image. At this
time, the presence or absence of noise and brightness and
darkness were assessed for a luminance image generated
from the obtained light-section 1image by a skilled 1nspector
who performs a visual inspection 1n the actual operation.
Further, the scattering of unevenness depths of the surface
was calculated using the calculated unevenness shape and a
known surface shape. The reduction 1n shape measurement
accuracy can be found by focusing on the scattering of
unevenness depths. Specifically, 1n the case where the light-
section line 1s too thick, the thickness of the light-section
line has a larger depth scattering value than 1n an appropriate
case; thus, whether the thickness of the light-section line 1s
too thick or not can be assessed by investigating the depth
scattering value.

The distribution of the brightness indicator value and the
thickness indicator value for 37 samples 1s shown 1n FIG. 10.
In FIG. 10, the plot shown by the circle sign corresponds to
a sample that was assessed by the inspector as “being an
appropriate luminance image and also the value of the depth
scattering mentioned above being appropriate.” The plot
shown by the square sign corresponds to a sample that was
assessed from the value of the depth scattering as ““the
light-section line being too thick,” and the plot shown by the
x-sign corresponds to a sample that was assessed by the
ispector as “noise being superimposed” like that shown 1n
FIG. 4. The plot shown by the triangle sign corresponds to
a sample that was assessed by the mnspector as “halation
having occurred in the luminance image,” and the plot
shown by the rhombus sign corresponds to a sample that was
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assessed by the inspector as “the luminance image being too
dark.” FIG. 11 describes the scattering of unevenness depths
calculated for the 37 samples mentioned above, along with
specific values of the brightness indicator value and the
thickness indicator value.

When attention 1s focused on FIG. 11, it can be seen that,
in a sample with a thickness indicator value of 2.80 or more,
the value of the depth scattering was more than 10 and
measurement accuracy was reduced. Thus, in the present
embodiment, the upper limit value of the thickness indicator
value 1s set to 2.52 1n order to eliminate the reduction in
measurement accuracy more reliably.

When attention 1s focused on FIG. 10 and FIG. 11, it can
be seen that, 1n a sample with a thickness indicator value of
1.18 or less, noise of a striped pattern was observed, and the
assessment result was “the light-section line being too thin.”
Thus, 1n the present embodiment, the lower limit value of the
thickness indicator value 1s set to 1.27 1n order to prevent the
superimposition of noise more reliably. As described above,
the reduction in measurement accuracy or the occurrence of
noise 1n the luminance 1image 1s caused only by the thickness
of the light-section line. Hence, even when similar operation
1s performed using different photographing conditions or
different objects to be measured, the result of the upper and
lower limits of the thickness indicator value obtained here
does not change.

On the other hand, referring to FIG. 10 and FIG. 11, 1t can
be seen that, 1n a sample with a brightness indicator value of
0.63 or more, halation was observed, and the assessment
result was “the light-section line being too bright.” Thus, in
the present embodiment, the upper limit value of the bright-
ness mdicator 1s set to 0.52 in order to prevent the occur-
rence ol halation more reliably.

Referring to FIG. 10 and FIG. 11, 1t can be seen that, 1n
a sample with a brightness indicator value 01 0.17 or less, the
luminance 1mage was darkened as a whole, and the assess-
ment result was “the light-section line being too dark.” Thus,
in the present embodiment, the lower limit value of the
brightness indicator 1s set to 0.24 1n order to prevent the
darkening of the luminance 1image more reliably.

On the other hand, a sample in which the thickness
indicator value was within the range of 1.27 to 2.52 and the
brightness indicator value was within the range of 0.24 to
0.52 was assessed as “an appropriate luminance 1image being
obtained,” as 1s clear from FIG. 10 and FIG. 11. As described
above, the occurrence of halation or the generation of too
dark a luminance image 1s caused only by the brightness
(luminance value) of the light-section line. Hence, even
when similar operation 1s performed using different photo-
graphing conditions or different objects to be measured, the
result of the upper and lower limits of the brightness
indicator value obtained here does not change.

From the above findings, the present inventors have
defined, as a region showing that the thickness and the
brightness of the light-section line are in an approprate
state, a region 1 which the thickness indicator value 1s
within the range of 1.27 to 2.52 and the brightness indicator
value 1s within the range of 0.24 to 0.52 (hereinafter,
occasionally referred to as an “proper region”). As men-
tioned above, the proper region mentioned above does not
depend on the type of the object to be measured or the
specifications of the laser light source or the imaging appa-
ratus, but 1s usable for many purposes. Information on the
proper region 1s stored in the storage umt 209, for example.

From the above findings, the assessment unit 2535 accord-
ing to the present embodiment refers to information on the
proper region stored in the storage unit 209, and assesses
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whether the thickness indicator value and the brightness
indicator value calculated by the indicator value calculation
unit 253 are within the proper region or not. In the case
where the result of assessment shows that the two 1ndicator
values are within the proper region mentioned above, the
assessment unit 235 assesses that the thickness and the
brightness of the light-section line are appropriate and the
light-section 1mage 1s captured properly; and 1n the case
where neither of the two indicator values 1s within the proper
region mentioned above, the assessment unit 255 assesses
that neither the thickness nor the brightness of the light-
section line 1s appropriate and the light-section 1mage 1s not
captured properly.

Further, in the case where 1n the assessment processing
mentioned above the assessment unit 2335 has assessed that
at least one of the thickness indicator value and the bright-
ness indicator value i1s not included 1n the proper region
mentioned above, the assessment unit 255 may create guid-
ance on the adjustment of the light-section 1image generation
apparatus 10 on the basis of the calculated indicator values.
For example, 1n the case where the thickness indicator value
1s less than the lower limit value, the assessment unit 255
creates guidance so as to adjust the light-section image
generation apparatus 10 so that the thickness of the light-
section line becomes thicker; and in the case where the
thickness indicator value 1s more than the upper limit value,
the assessment unit 255 creates guidance so as to adjust the
light-section 1mage generation apparatus 10 so that the
thickness of the light-section line becomes thinner. Simi-
larly, for example, in the case where the brightness indicator
value 1s less than the lower limit value, the assessment unit
255 creates guidance so as to adjust the light-section image
generation apparatus 10 so that the brightness of the light-
section line becomes brighter; and in the case where the
brightness indicator value 1s more than the upper limit value,
the assessment unit 253 creates guidance so as to adjust the
light-section 1mage generation apparatus 10 so that the
brightness of the light-section line becomes darker.

Further, 1n order to bring the thickness indicator value
within the proper region, the assessment unit 255 may
create, as more detailled guidance, guidance that adjusts at
least one of the focus of the lens included 1in the 1maging
apparatus 13, the focus of the lens included 1n the laser light
source 11, and the separation distance between the laser light
source 11 and a reference plate described later. Similarly, 1n
order to bring the brightness indicator value within the
proper region, the assessment unit 2355 may create, as more
detailed guidance, guidance that adjusts at least one of the
exposure time of the imaging apparatus 13, the aperture of
the lens included 1n the imaging apparatus 13, the gain of the
imaging apparatus 13, and the power of the laser light source
11.

The assessment unit 235 outputs nformation showing
assessment result based on two indicator values like those
mentioned above to the result output unit 259. In the case
where the assessment unit 255 has created adjustment guid-
ance like those mentioned above, the assessment unit 255
outputs information showing the adjustment guidance to the
result output unit 259.

It 1s preferable for the assessment unit 2355 to output
information showing assessment result based on two 1ndi-
cator values like those mentioned above to the shape inspec-
tion unit 257 described later. As described above, 1n the case
where a shape inspection 1s performed on the basis of a
light-section 1mage generated when the state of the light-
section line 1s not appropriate, 1t 1s highly likely that many
errors will be superimposed in the inspection accuracy.
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Thus, 1t 1s preferable for the shape inspection unit 257
described later to refer to mnformation showing assessment
result outputted from the assessment unit 255 and perform
shape inspection processing in the case where the informa-
tion shows that the state of the light-section line 1s appro-
priate.

The proper region set 1n the above manner 1s determined
on the basis of the thickness indicator value and the bright-
ness indicator value, which are general-purpose indicators,
and also the set proper region 1s a region usable for many
purposes. Therefore, all shape inspection apparatuses 1
based on the light-section method and all light-section 1image
generation apparatuses 10 provided in the shape inspection
apparatus 1 can achieve an appropriate state of the light-
section line, and can generate an appropriate luminance
image and an appropriate unevenness 1image as long as the
thickness indicator value and the brightness indicator value
are within the proper region.

Thus, even 11 the state of the light-section 1image genera-
tion apparatus 10 or the equipment itself 1s changed 1n, for
example, maintenance etc., 1t 1s not necessary to set the
proper region separately, and 1t 1s suflicient to adjust the
apparatus so that the thickness indicator value and the
brightness indicator value are within the proper region
mentioned above. Further, even 1n the case where the shape
inspection apparatus 1 uses, as measurement objects, difler-
ent kinds of objects to be measured S, 1t 1s suflicient to adjust
the light-section 1mage generation apparatus 10 so that the
two indicator values are within the proper region mentioned
above 1n a state where a reference plate related to a new
object to be measured S 1s set at rest in the 1rradiation
position of the light-section line.

Thus, 1n the method according to the present embodiment,
the state of the light-section line 1s assessed on the basis of
the thickness indicator value and the brightness indicator
value mentioned above; thereby, the relative movement of
the object to be measured S and the light-section 1image
generation apparatus 10 becomes unnecessary and the
adjustment of the light-section 1mage generation apparatus
10 can be completed very simply and 1n a short time as
compared to conventional adjustment operation based on
trial and error in which, while the object to be measured S
and the light-section i1mage generation apparatus 10 are
relatively moved repeatedly, a luminance image and an
unevenness 1mage are checked each time to adjust the
light-section 1mage generation apparatus 10.

Returning to FIG. 8B again, the shape inspection unit 257
according to the present embodiment 1s described.

The shape 1spection unit 257 according to the present
embodiment 1s configured with, for example, a CPU, a
ROM, a RAM, etc. The shape mspection umt 257 performs
a shape inspection of the surface of the object to be mea-
sured S using a light-section 1mage generated using a
light-section line put in an appropriate state.

More specifically, the shape inspection unit 257 generates
a luminance image and an unevenness image like those
disclosed 1n Patent Literature 1 above using a light-section
image generated from a light-section line put 1n an appro-
priate state. After that, the shape inspection unit 257 uses the
generated luminance 1mage and unevenness 1mage to cal-
culate the surface shape of the object to be measured S, or
detect various defects or the like that may exist on the
surface of the object to be measured S.

Here, the method by which the shape mspection unit 257
calculates the surface shape of the portion to be measured S
or detects various defects or the like existing on the surface
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ol the object to be measured S 1s not particularly limited, and
a known method based on the light-section method may be
used, as appropriate.

In the shape inspection apparatus 1 according to the
present embodiment, adjustment can be easily made on the
basis of two indicator values like those described above so
that the state of the light-section line becomes an appropnate
state. Thus, shape ispection processing with good accuracy
can be performed by performing various pieces ol shape
ispection processing using a light-section 1image obtained
from the light-section line after adjustment.

Information showing the result of various pieces of shape
inspection processing performed by the shape inspection
unit 257 1s outputted to the result output unit 259.

The result output unit 259 1s configured with, for example,
a CPU, a ROM, a RAM, etc. The result output unit 259
outputs to the display control unit 207 various pieces of
information on a light-section 1image, such as information on
the thickness indicator value and the brightness indicator
value outputted from the indicator value calculation unit
2353, assessment result generated by the assessment unit 255,
and information on adjustment guidance, information on
shape 1mspection result outputted from the shape mspection
unit 257, etc. Thereby, various pieces of information like
those mentioned above are outputted to a display unit (not
shown). Further, the result output unit 259 may output the
obtained result to an external device such as a process
computer system for production management, or may use
the obtained result to create various record files. Further, the
result output unit 259 may associate various pieces of
information like those mentioned above with time informa-
tion on the date and time at which the information 1s
calculated and on other matters, and may store these pieces
of information as history information 1n the storage unmt 209
or the like.

The adjustment manipulation of the light-section 1mage
generation apparatus 10 based on the thickness indicator
value and the brightness indicator value outputted from the
result output unit 259 may be performed by a person on the
basis of the values of the thickness indicator value and the
brightness 1indicator value themselves and adjustment guid-
ance. However, since the arithmetic processing apparatus 20
includes the optical system adjustment control unit 205 like
that described above, the adjustment manipulation of the
light-section 1mage generation apparatus 10 can be automa-
tized.

That 1s, on the basis of mformation outputted from the
result output unit 259, the optical system adjustment control
unit 205 outputs a prescribed control signal to the optical
system adjustment mechamsm 40 that drives and adjusts the
laser light source 11 and the imaging apparatus 13 provided
in the light-section image generation apparatus 10 and to the
imaging control unit 21 of the arithmetic processing appa-
ratus 20 that controls the laser light source 11 and the
imaging apparatus 13, and causes the state of the optical
system provided 1n the light-section 1image generation appa-
ratus 10 to be adjusted.

Specifically, 1n order to bring the thickness indicator value
within the proper range, the optical system adjustment
control unit 205 outputs to the optical system adjustment
mechanism 40 a control signal for adjusting at least one of
the focus of the lens included in the imaging apparatus 13,
the focus of the lens included in the laser light source 11, and
the separation distance between the laser light source 11 and
a reference plate.

Further, in order to bring the brightness indicator value
within the proper range, the optical system adjustment
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control unit 205 outputs, to at least one of the optical system
adjustment mechanism 40 and the imaging control unit 21,
a control signal for adjusting at least one of the exposure
time of the imaging apparatus 13, the aperture of the lens
included in the mmaging apparatus 13, the gain of the
imaging apparatus 13, and the power of the laser light source
11.

Thereby, 1n the shape inspection apparatus 1 according to
the present embodiment, adjustment processing 1s per-
formed automatically on the basis of the thickness indicator
value and the brightness indicator value so that the state of
the light-section line becomes an appropriate state.

An example of the function of the arithmetic processing
apparatus 20 according to the present embodiment has been
illustrated. Each of the above structural elements may be
configured with a general-purpose member or circuit, and
may be configured with hardware specialized for the func-
tion of each structural element. A CPU or the like may
perform all of the functions of respective structural ele-
ments. Thus, a utilized configuration can be changed as
appropriate, according to the technology level at the time of
performing the present embodiment.

Note that the computer program for providing each func-
tion of the arithmetic processing apparatus according to the
above present embodiment can be created and implemented
in a personal computer or the like. Moreover, a computer-
readable recording medium that contains this computer
program can be provided as well. For example, the recording
medium 1s a magnetic disk, an optical disc, a magneto-
optical disk, a flash memory, or the like. The above computer
program may be delivered via a network for example,
without using the recording medium.
<With Regard to Shape Inspection Method>

Next, a tlow of a shape inspection method according to
the present embodiment 1s described in detail with reference
to FIG. 12. FIG. 12 15 a flow chart showing an example of
the flow of a shape inspection method according to the
present embodiment.

In a shape inspection method according to the present
embodiment, first, one of the object to be measured S 1tself
and a sample that simulates the reflection characteristics of
the object to be measured S 1s used as a reference plate, and
the reference plate 1s placed in the irradiation position of a
ight-section line. After that, under the control of the imag-
ing control unit 201 of the arithmetic processing apparatus
20, linear laser light starts to be applied from the laser light
source 11 of the light-section 1mage generation apparatus 10
(step S101). After that, under the control of the imaging
control unit 201 of the arithmetic processing apparatus 20,
the imaging apparatus 13 of the light-section 1mage genera-
tion apparatus 10 captures a light-section image (step S103).
The data acquisition unit 251 of the arithmetic processing
apparatus 20 acquires 1image data of the light-section image
generated by the imaging apparatus 13, and outputs the
image data to the indicator value calculation unit 253.

The indicator value calculation unit 233 of the arithmetic
processing apparatus 20 uses the light-section 1image out-
putted from the data acquisition unit 251 to calculate the
thickness indicator value and the brightness indicator value
by the method described above (step S105). After that, the
indicator value calculation unit 253 outputs the calculated
thickness indicator value and brightness 1ndicator value to
the assessment umt 2535,

The assessment unit 255 uses the thickness indicator
value and the brightness indicator value calculated by the
indicator value calculation unit 253 to perform condition
assessment concerning the indicator values (that 1s, condi-
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tion assessment ol whether the two indicator values are
within the proper region or not) (step S107).

In the case where the two indicator values satisty the
condition (that 1s, 1n the case where the two indicator values
are within the proper region), the assessment unit 2535
assesses that the state of the light-section line 1s proper, and
outputs the assessment result to the shape ispection unit
257 and the result output unit 259. On recerving the output,
the shape mspection unit 257 performs step S111 described
later.

On the other hand, 1n the case where at least one of the two
indicator values does not satisty the condition, the assess-
ment unit 255 outputs the two indicator values themselves
and adjustment guidance to the shape nspection unit 257
and the result output unit 259. The result output unit 259
outputs information showing the two indicator values out-
putted from the assessment unit 255 and adjustment guid-
ance to the user via the display control unit 207, and outputs
the information to the optical system adjustment control unit
205. On the basis of the indicator values and the adjustment
guidance, the optical system adjustment control unit 2035
causes the optical system adjustment mechanism 40 to
adjust the optical system of the light-section 1mage genera-
tion apparatus 10, in cooperation with the imaging control
unit 201 as necessary (step S111). The adjustment operation
of the light-section 1mage generation apparatus 10 may be
performed by the manager of the light-section 1mage gen-
cration apparatus 10 by human power. After that, the pro-
cedure returns to step S103, and the adjustment processing
of the light-section 1mage generation apparatus 1s continued.

Here, 1n the case where 1n step S107 1t 15 assessed that the
state of the light-section line 1s proper, the shape mspection
unit 257 performs shape inspection processing based on the
light-section method on the basis of a light-section 1mage
generated by the light-section line put in an approprate state
(step S111). The shape mspection unit 257 outputs informa-
tion on the obtained shape ispection result to the result
output unit 259. The result output unit 259 outputs infor-
mation on the obtained shape inspection result to the user via
the display control unit 207 (step S113). Thereby, the user of
the shape mspection apparatus 1 can grasp the shape inspec-
tion result of the surface of the focused-on object to be
measured S on the spot.

Hereinabove, a tlow of a shape inspection method accord-
ing to the present embodiment 1s described.

(Hardware Configuration)

Next, the hardware configuration of the arithmetic pro-
cessing apparatus 20 according to an embodiment of the
present mvention will be described in detail with reference
to FIG. 13. FIG. 13 1s a block diagram for explaining the
hardware configuration of the arithmetic processing appa-
ratus 20 according to an embodiment of the present inven-
tion.

The anthmetic processing apparatus 20 mainly includes a
CPU 901, a ROM 903, and a RAM 905. Furthermore, the
arithmetic processing apparatus 20 also includes a bus 907,
an 1nput device 909, an output device 911, a storage device
913, a dnive 915, a connection port 917, and a communica-
tion device 919.

The CPU 901 serves as a central processing apparatus and
a control device, and controls the overall operation or a part
of the operation of the arithmetic processing apparatus 20
according to various programs recorded in the ROM 903, the
RAM 905, the storage device 913, or a removable recording
medium 921. The ROM 903 stores programs, operation
parameters, and the like used by the CPU 901. The RAM

905 primarily stores programs that the CPU 901 uses and
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parameters and the like varying as appropriate during the
execution of the programs. These are connected with each
other via the bus 907 configured from an internal bus such
as a CPU bus or the like.

The bus 907 1s connected to the external bus such as a PCI
(Peripheral Component Interconnect/Interface) bus via the
bridge.

The mmput device 909 1s an operation means operated by
a user, such as a mouse, a keyboard, a touch panel, buttons,
a switch and a lever. The mput device 909 may be a remote
control means (a so-called remote control) using, for
example, infrared light or other radio waves, or may be an
externally connected apparatus 923 such as a PDA conform-
ing to the operation of the arithmetic processing apparatus
20. Furthermore, the mput device 909 generates an input
signal based on, for example, information which 1s mnput by
a user with the above operation means, and 1s configured
from an mput control circuit for outputting the input signal
to the CPU 901. The user can 1mnput various data to the shape
inspection apparatus 10 and can instruct the arithmetic
processing apparatus 20 to perform processing by operating
this 1input device 909.

The output device 911 1s configured from a device capable
of visually or audibly notifying acquired information to a
user. Examples of such device include display devices such
as a CRT display device, a liquid crystal display device, a
plasma display device, an EL display device and lamps,
audio output devices such as a speaker and a headphone, a
printer, a mobile phone, a facsimile machine, and the like.
For example, the output device 911 outputs a result obtained
by various processes performed by the arithmetic processing
apparatus 20. More specifically, the display device displays,
in the form of texts or images, a result obtained by various
processes performed by the arithmetic processing apparatus
20. On the other hand, the audio output device converts an
audio signal such as reproduced audio data and sound data
into an analog signal, and outputs the analog signal.

The storage device 913 1s a device for storing data
configured as an example of a storage unit of the arithmetic
processing apparatus 20 and 1s used to store data. The
storage device 913 1s configured from, for example, a
magnetic storage device such as a HDD (Hard Disk Drive),
a semiconductor storage device, an optical storage device, or
a magneto-optical storage device. This storage device 913
stores programs to be executed by the CPU 901, various
data, and various data obtained from the outside.

The drnive 915 15 a reader/writer for recording medium,
and 1s embedded 1n the arithmetic processing apparatus 20
or attached externally thereto. The drive 915 reads informa-
tion recorded 1n the attached removable recording medium
921 such as a magnetic disk, an optical disk, a magneto-
optical disk, or a semiconductor memory, and outputs the
read information to the RAM 905. Furthermore, the drive
915 can write 1n the attached removable recording medium
921 such as a magnetic disk, an optical disk, a magneto-
optical disk, or a semiconductor memory. The removable
recording medium 921 1s, for example, a CD medium, a
DVD medium, or a Blu-ray (registered trademark) medium.
The removable recording medium 921 may be a Compact-
Flash (CF; registered trademark), a flash memory, an SD
memory card (Secure Digital Memory Card), or the like.
Alternatively, the removable recording medium 921 may be,
for example, an IC card (Integrated Circuit Card) equipped
with a non-contact IC chip or an electronic device.

The connection port 917 1s a port for allowing devices to
directly connect to the arithmetic processing apparatus 20.
Examples of the connection port 917 include a USB (Uni-
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versal Serial Bus) port, an IEEE1394 port, a SCSI (Small
Computer System Interface) port, an RS-232C port, and the
like. By the externally connected apparatus 923 connecting
to this connection port 917, the anthmetic processing appa-
ratus 20 directly obtains various data from the externally
connected apparatus 923 and provides various data to the
externally connected apparatus 923.

The communication device 919 1s a communication inter-
tace configured from, for example, a commumnication device
for connecting to a communication network 925. The com-
munication device 919 1s, for example, a wired or wireless
LAN (Local Area Network), Bluetooth (registered trade-
mark), a communication card for WUSB (Wireless USB), or
the like. Alternatively, the communication device 919 may
be a router for optical communication, a router for ADSL
(Asymmetric Digital Subscriber Line), a modem for various
communications, or the like. This communication device
919 can transmit and recerve signals and the like 1n accor-
dance with a predetermined protocol such as TCP/IP on the
Internet and with other communication devices, {for
example. The communication network 9235 connected to the
communication device 919 1s configured from a network and
the like, which 1s connected via wire or wirelessly, and may
be, for example, the Internet, a home LAN, an in-house
L AN, infrared communication, radio wave communication,
satellite communication, or the like.

Heretofore, an example of the hardware configuration
capable of realizing the functions of the arithmetic process-
ing apparatus 20 according to an embodiment of the present
invention has been shown. Each of the structural elements
described above may be configured using a general-purpose
material, or may be configured from hardware dedicated to
the function of each structural element. Accordingly, the
hardware configuration to be used can be changed as appro-
priate according to the technical level at the time of carrying,
out the present embodiment.

The preferred embodiment(s) of the present mvention
has/have been described above with reference to the accom-
panying drawings, whilst the present invention 1s not limited
to the above examples. A person skilled in the art may find
various alterations and modifications within the scope of the
appended claims, and 1t should be understood that they will
naturally come under the technical scope of the present
invention.

REFERENCE SIGNS LIST

10 shape inspection apparatus

10 light-section 1mage generation apparatus
20 artthmetic processing apparatus

30 driving mechanism

40 optical system adjustment mechanism
201 imaging control unit

203 image processing unit

205 optical system adjustment control unit
207 display control unait

209 storage unit

251 data acquisition unit

2353 indicator value calculation unait

2355 assessment unit

257 shape 1spection unit

2359 result output unait

The invention claimed 1s:

1. A shape mspection method comprising:

a light-section 1mage generation step 1n which linear laser
light 1s applied to an object surface from a laser light
source and a light-section line based on the laser light
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on the object surface 1s 1maged by an 1maging appara-
tus, and thereby a light-section 1mage that 1s a captured
image used for a light-section method 1s generated;

an i1ndicator value calculation step 1in which a thickness
indicator value indicating a thickness of the light-
section line and a brightness indicator value indicating
a brightness of the light-section line 1n the light-section
image are calculated;

a setting changing step 1n which setting of at least one of
the laser light source and the imaging apparatus i1s
changed so that each of the calculated thickness 1ndi-
cator value and the calculated brightness indicator
value 1s within a prescribed range uniquely set 1n
advance; and

a shape inspection step in which i1mage processing 1s
performed on the light-section 1image after each of the
thickness indicator value and the brightness indicator
value 1s brought within the prescribed range, and
thereby a shape of the object surface 1s mspected,

wherein, 1n the indicator value calculation step,

a pixel giving a maximum luminance value 1s specified 1n
cach of column directions of a light-section image
related to the object surface that are directions corre-
sponding to a relative movement direction of the object
and the laser light source, and 1n a case where the
maximum luminance value in a column has a lumi-
nance value not less than a first threshold, that column
1s taken as a pixel column to be processed,

the sum of the number of pixels giving the maximum
luminance value and the number of pixels having a
luminance value not less than a second threshold with
respect to the maximum luminance value 1n each of the
pixel columns to be processed 1s taken as the thickness
of the light-section line 1n each of the pixel columns to
be processed, and the average of the thicknesses of the
light-section line 1n all the pixel columns to be pro-
cessed 1s calculated and taken as the thickness indicator
value, and

a value obtained by dividing the average of luminance
values 1n all pixels that have been used at a time of
calculating the thickness indicator value by a maximum
output luminance value possibly outputted from the
imaging apparatus 1s taken as the brightness indicator
value.

2. The shape inspection method according to claim 1,

wherein, in the indicator value calculation step, the thick-
ness 1ndicator value and the brightness indicator value
are calculated using the light-section image obtained by
imaging of only one light-section line on the object at
rest.

3. The shape inspection method according to claim 1,

wherein, 1 the setting changing step, setting of at least
one of the laser light source and the 1imaging apparatus
1s changed so that the thickness indicator value 1s
within a range of 1.27 to 2.52 (pixel) and the brightness
indicator value 1s within a range of 0.24 to 0.52.

4. The shape mspection method according to claim 1,

wherein, 1n the setting changing step,

at least one of a focus of a lens included in the 1imaging
apparatus, a focus of a lens 1included 1n the laser light
source, and a separation distance between the laser
light source and the object surface 1s adjusted 1n order
to bring the thickness indicator value within the pre-
scribed range, and

at least one of an exposure time of the 1maging apparatus,
an aperture of a lens included in the imaging apparatus,
a gain of the imaging apparatus, and a power of the
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laser light source 1s adjusted in order to bring the
brightness indicator value within the prescribed range.
5. A shape mspection apparatus comprising:
a light-section 1mage generation apparatus including
a laser light source that applies linear laser light to an
object surface, and
an 1maging apparatus that images a light-section line
based on the laser light on the object surface and
generates a light-section 1mage that 1s a captured
image used for a light-section method; and
an arithmetic processing apparatus that performs image
processing on the light-section 1mage generated by the
light-section i1mage generation apparatus, assesses a
state of the light-section line, and performs a shape
inspection of the object surface based on a light-section
method on the basis of the light-section 1image,
wherein the arithmetic processing apparatus includes
an 1ndicator value calculation unit that, on the basis of
the light-section image generated by the imaging
apparatus, calculates a thickness indicator value 1indi-
cating a thickness of the light-section line and a
brightness indicator value indicating a brightness of
the light-section line 1n the light-section image,
an assessment unit that, on the basis of the calculated
thickness indicator value and the calculated bright-
ness 1ndicator value, assesses whether each of the
thickness indicator value and the brightness indicator
value 1s within a prescribed range or not, and
a shape 1mspection unit that performs shape inspection
processing based on a light-section method on the
basis of the light-section image after each of the
thickness 1indicator value and the brightness indicator
value 1s brought within a prescribed range uniquely
set 1n advance,
wherein the indicator value calculation unait
specifies a pixel giving a maximum luminance value 1n
cach of column directions of a light-section image
related to the object surface that are directions corre-
sponding to a relative movement direction of the object
and the laser light source, and 1n a case where the
maximum luminance value i a column has a lumi-
nance value not less than a first threshold, takes that
column as a pixel column to be processed,
takes the sum of the number of pixels giving the maxi-
mum luminance value and the number of pixels having
a luminance value not less than a second threshold with
respect to the maximum luminance value 1n each of the
pixel columns to be processed as the thickness of the
light-section line 1n each of the pixel columns to be
processed, and calculates the average of the thicknesses
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of the light-section line m all the pixel columns to be
processed and takes the average as the thickness indi-
cator value, and

takes a value obtained by dividing the average of lumi-
nance values 1n all pixels that have been used at a time
of calculating the thickness indicator value by a maxi-
mum output luminance value possibly outputted from
the 1maging apparatus as the brightness indicator value.

6. The shape inspection apparatus according to claim 5,

wherein the indicator value calculation unit calculates the
thickness indicator value and the brightness indicator
value using the light-section 1image obtained by 1imag-
ing of only one light-section line on the object at rest.

7. The shape mspection apparatus according to claim 5,

wherein the shape 1mspection apparatus further comprises
an adjustment mechanism that adjusts setting of at least
one of the laser light source and the 1imaging apparatus
included in the light-section 1mage generation appara-
tus,

the arithmetic processing apparatus further includes
an 1maging control umt that controls driving of the

light-section 1mage generation apparatus, and
an adjustment control unit that controls driving of the
adjustment mechamsm, and

the adjustment control unit, on the basis ol assessment
result by the assessment unit, puts at least one of the
adjustment mechanism and the imaging control unit
into operation so that the thickness indicator value and
the brightness indicator value are within the prescribed
range.

8. The shape inspection apparatus according to claim 5,

wherein setting of at least one of the laser light source and
the 1imaging apparatus 1s changed so that the thickness
indicator value 1s within a range of 1.27 to 2.52 (pixel)
and the brightness indicator value 1s within a range of
0.24 to 0.52.

9. The shape inspection apparatus according to claim 5,

wherein at least one of a focus of a lens included 1n the
imaging apparatus, a focus of a lens included 1n the
laser light source, and a separation distance between
the laser light source and the object surface 1s adjusted
in order to bring the thickness indicator value within
the prescribed range, and

at least one of an exposure time of the 1maging apparatus,
an aperture of a lens included 1n the imaging apparatus,
a gain of the imaging apparatus, and a power of the
laser light source 1s adjusted in order to bring the
brightness indicator value within the prescribed range.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

